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1 EP0 601 

Description 

Technical Field of the Invention 

The present invention relates to an electrophoretic - 5 
display panel apparatus and methods for making same 
and. more particularly, to electrophoretic display panels 
with a local anode having elements which are inter- 
leaved with the grid elements of the display for assisting 
in the control of pigment particle migration and position, ro 

Background Art 

Electrophoretic displays (EPIDS) are now well 
known. A variety of display types and features are taught is 
in several patents issued in the names of the inventors 
herein. Frank J. DiSanto and Denis A. Krusos and as- 
signed to the assignee herein, Copytele, Inc. of Hunt- 
ington Station, New York. For example, U.S Patent Nos. 
4,555.897 and 4,732,830, each entitled ELECTRO- 20 
PHORETIC DISPLAY PANELS AND ASSOCIATED 
METHODS describe the basic operation and construc- 
tion of an electrophoretic display. U.S. Patent No. 
4,742,345, entitled ELECTROPHORETIC DISPLAY 
PANELS AND METHODS THEREFOR, describes a 2s 
display having improved alignment and contrast. Many 
other patents regarding such displays are also assigned 
to Copytele, Inc. One pending patent application which 
may have some relevance to the present invention is 
EP-A-0 396 247 (Application No. 07/345.825) entitled 30 
DUAL ANODE FLAT PANEL ELECTROPHORETIC 
DISPLAY APPARATUS, each of which shall be de- 
scribed below. 

The display panels shown in the above-mentioned 
patents operate upon the same basic principle, viz., if a 3S 
suspension of electrically charged pigment particles in 
a dielectric fluid is subjected to an applied electrostatic 
field, the pigment particles will migrate through the fluid 
in response to the electrostatic field. Given a substan- 
tially homogeneous suspension of particles having a <*o 
pigment color different from that of the dielectric fluid, if 
the applied electrostatic field is localized it will cause a 
visually observable localized pigment particle migration. 
The localized pigment particle migration results either 
in a localized area of concentration or rarefaction of par- is 
tides depending upon the sign and direction of the elec- 
trostatic field and the charge on the pigment particles. 
The electrophoretic display apparatus taught in the fore- 
going U.S. Patents are triode-type" displays having a 
plurality of independent, parallel, cathode row conductor so 
elements or 'lines" deposited in the horizontal on one 
surface of a glass viewing screen. A layer of insulating 
photoresist material deposited over the cathode ele- 
ments and photoetched down to the cathode elements 
to yield a plurality of insulator strips positioned at right ss 
angles to the cathode elements, forms the substrate for 
a plurality of independent, parallel column or grid con- 
ductor elements or "lines' running in the vertical direc- 
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ticn. A glass cap member forms a fluid-tight seal with 
the viewing window along the cap's peripheral edge for 
containing the fluid suspension and also acts as a sub- 
strate for an anode plate deposited on the interior flat 
surface of the cap. When the cap is in place, the anode 
surface is in spaced parallel relation to both the cathode 
elements and the grid elements. Given a specific panic- 
ulate suspension, the sign of the electrostatic charge 
which will attract and repel the pigment particles will be 
known. The cathode element voltage, the anode volt- 
age, and the grid element voltage can then be ascer- 
tained such that when a particular voltage is applied to 
the cathode and another voltage is applied to the grid, 
the area proximate their intersection will assume a net 
charge sufficient to attract or repel pigment particles in 
suspension in the dielectric fluid. Since numerous cath- 
ode and grid lines are employed, there are numerous 
discrete intersection points which can be controlled by 
varying the voltage on the cathode and grid elements to 
cause localized visible regions of pigment concentration 
and rarefaction. Essentially then, the operating voltages 
on both cathode and grid must be able to assume at 
least two states corresponding to a logical one and a 
logical zero. Logical one for the cathode may either cor- 
respond to attraction or repulsion of pigment. Typically, 
the cathode and grid voltages are selected such that on- 
ly when both are a logical one at a particular intersection 
point, will a sufficient electrostatic field be present at the 
intersection relative to the anode to cause the writing of 
a visual bit of information on the display through migra- 
tion of pigment particles. The bit may be erased, e.g., 
upon a reversal of polarity and a logical zero-zero state 
occurring at the intersection coordinated with an erase 
voltage gradient between anode and cathode. In this 
manner, digitized data can be displayed on the electro- 
phoretic display. 

An alternative EPID construction is described in Ap- 
plication No. 07/345,825, referred to above, which re- 
lates to an electrophoretic display in which the cathode/ 
grid matrix as is found in triode-type displays, is over- 
layed by a plurality of independent separately address- 
able "local" anode lines. The local anode lines are de- 
posited upon and align with the grid lines and are insu- 
lated therefrom by interstitial lines of photoresist. The 
local anode lines are in addition to the "remote" anode, 
which is the layer deposited upon the anode faceplate 
or cap as in triode displays. The dual anode structure 
aforesaid provides enhanced operation by eliminating 
unwanted variations in display brightness between 
frames, increasing the speed of the display and de- 
creasing the anode voltage required during Write and 
Hold cycles, all as explained in Application No. 
07/345.825. 

An examination of Application No. 07/345.825 re- 
veals that the local anode structure employed therein is 
realized by applying a layer of photoresist over the grid 
elements, which are formed from a first metal, such as, 
chrome. A layer of a second metal, e.g., nickel or alu- 
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minum. is applied over the photoresist layer. Yet another 
layer of photoresist is applied over the second metal lay- 
er, and is then masked, exposed and developed in the 
same form as the grid elements. The second metal layer 
is then etched with a suitable solution. The photoresist 
between the first and second metal layers is then plas- 
ma etched. A layer of Si0 2 is then deposited over the 
resulting structure. 

It is an object of the present invention to provide an 
alternative structure and method for making the remote 
anode/cathode/grid matrix than that shown in Applica- 
tion No. 07/345,825. 

Disclosure of the Invention 

The problems and disadvantages associated with 
conventional electrophoretic displays are overcome by 
the present invention which consists of an electro- 
phoretic display as defined in claims 1 and 10 and a 
method for fabricating an electrode matrix for such dis- 
plays as defined in claim 17. The inventive eiectro- 
phoretic displays have : a cathode matrix comprising a 
plurality of parallel lines arranged in a given direction, a 
grid matrix insulated from the cathode matrix and com- 
prising a plurality of parallel lines each perpendicular to 
the cathode lines to form an X-Y addressing matrix, and 
a conventional anode electrode separated from the X- 
Y matrix, the space between the anode electrode and 
the X-Y matrix accommodating an electrophoretic dis- 
persion including pigment particles suspended in a fluid; 
the improvement therewith of an additional anode elec- 
trode comprising a plurality of parallel lines each asso- 
ciated with and insulated from the grid lines. The addi- 
tional anode electrode is disposed within a plane shared 
by the grid matrix and operates to control the path of the 
pigment particles to and from the X-Y matrix and to allow 
excess pigment to remain at the conventional anode 
electrode. 

Further embodiments of the invention are defined 
in the dependent claims: 

Brief Description of the Drawings 

For a better understanding of the present invention, 
reference is made to the following detailed description 
of an exemplary embodiment considered in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is an exploded perspective view of an elec- 
trophoretic display in accordance with an exemplary 
embodiment of the present invention. 

FIG. 2 is an enlarged plan view of a selected local 
anode element interleaved with a selected grid element 
in accordance with an exemplary embodiment of the 
present invention and as shown in FIG. 1 . 

FIG. 3 is a cross-sectional view of the electrophoret- 
ic display shown in FIG. 1 in the unexploded state, taken 
along section line II I -II I and looking in the direction ot 
the arrows. 



FIG. 4 is an enlarged plan view of a selected grid 
and/or local anode element structure as is taught in prior 
Application No. 07/345.825 filed by the inventors herein. 

FIG. 5 is a cross-sectional fragmentary view of an 
5 electrophoretic display in "accordance with Application 
No. 07/345,325 and which incorporates the element 
structure shown in FIG. 4. 

3est Mode for Carrying Out the Invention 

w 

FIG. 1 shows an electrophoretic display 10 in ac- 
cordance with the present invention. The display 10 has 
an anode faceplate 1 2 and a cathode faceplate 1 4 which 
are sealably affixed on either side of an interstitial spac- 
es er 1 6 to form a fluid-tight envelope for containing a die- 
lectric/pigment particle suspension or electrophoretic 
fluid (not shown). The faceplates 1 2 and 1 4 are typically 
flat glass plates upon which are deposited conductor el- 
ements to comprise the situs of electrostatic charge for 

20 inducing motion in the electrophoretic fluid. The tech- 
niques, materials and dimensions used to form the con- 
ductor elements upon the faceplates and the methods 
for making EPIDS, in general, are shown in U.S. Patent 
Nos. 4,655,897, 4,732,830 and 4,742,345. 

25 in the invention, as depicted in FIG. 1 , for example, 
a plurality of independent electrically conductive cath- 
ode lines 1 8, shown here as horizontal rows, are depos- 
ited upon the cathode faceplate 14 using conventional 
deposition and etching techniques. Of course, the ori- 

30 entation of the cathode lines depends upon the orienta- 
tion of the screen, which, if rotated 90 degrees, would 
position the cathode lines vertically, thus, the cathode 
lines are arbitrarily defined as horizontal. It is preferred 
that the cathode elements 18 be composed of Indium 

os Tin Oxide (ITO) as set forth in U.S. Patent No. 
4,742,345. A plurality of independent grid conductor 
tines 20 are superposed in the vertical over the cathode 
elements 18, i.e., at right angles thereto, and are insu- 
lated therefrom by an interstitial photoresist layer 22 

40 (see FIG. 2). The grid elements 20 may be formed by 
coating the photoresist layer 22 with a metal, such as 
nickel, using sputtering techniques or the like, and then 
selectively masking and etching to yield the intersecting 
but insulated configuration shown in FIG. 1. Each cath- 

•*$ ode and grid element 18, 20 terminates at one end in a 
contact pad 24c and 24g, respectively, or is otherwise 
adapted to permit connection to display driver circuitry 
(not shown). An anode 26 is formed on an interior sur- 
face of the anode faceplate 1 2 by plating with a thin layer 

so of conductor material, such as, chrome. 

Whereas the foregoing components have been pre- 
viously described in prior patents and applications of the 
present Applicants, the present invention includes a 
novel local anode 28 structure. As stated above, the 

ss benefits and operation of an EPID having a local anode 
have been recognized and described in Application No. 
07/345,825 by the present Applicants. Previously, how- 
ever, the local anode lines have been formed super- 
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posed over and in alignment with' the grid elements, and 
separated therefrom by an interstitial layer cf photore- 
sist insulation (see FIG. 5). In the present invention the 
local anode 28 lines are formed at the same time, of the 
same material and in [he same plane as the grid ele- 
ments 20. This is accomplished by interleaving the local 
anode 23 and grid 20 elements. Thus, the mask that was 
used to form the plurality of grid lines has been altered 
such that a plurality of grid lines and a plurality of local 
anode lines are simultaneously formed by a single 
mask. After formation, a Si0 2 coating can be applied 
over the grid/local anode/cathode complex as set forth 
in Application No. 07/345,825. The display is also oper- 
ated in the same fashion as in that application. 

FIG. 2 shows an exemplary configuration for a sin- 
file grid line 20, a single local anode line 28 and their 
interleaving. As has been recognized previously, the 
configuration of the grid lines as a tined element, i.e.. a 
element having a plurality of coextensive parallel forks 
30 emanating from a common area, here the grid con- 
tact pad 24g, improves display brightness as described 
m U.S. Patent No. 4,742,345. In the embodiment shown 
m FIG. 2, the local anode 28 is depicted as having a 
single elongated portion 32 emanating from a contact 
pad portion 241a. The elongated portion 32 of the local 
anode 28 extends between the forks 30 of the grid line 
20, and, in this sense, interleaves with the grid line 20 
It should be noted that the local anode 28 could also be 
provided with forks like those of the grid line 20, and in 
that event, the interleaving could be in the form of alter- 
nating grid and local anode forks. Indeed, any number 
of grid forks 30 (elongated portions) and local anode 
forks or elongated portions 32 could be employed. It is 
required, however, that they be insulated one from an- 
other, and, in order to provide a regular coordinate grid 
along with the cathode lines 18, should be substantially 
parallel to each other and perpendicular to the cathode 
lines 18. It is preferred that the local anode line 28 as 
shown in FIG. 2 have a width of approximately 30 mi- 
crons, that a spacing of 12 microns separate the elon- 
gated portion 32 of the focal anode 28 from the forks 30 
of the grid line 20. and that the grid forks 30 be approx- 
imately 10 microns wide.with an inter-fork spacing of 12 
microns. These dimensions provide a local anode 28 
which is wider than the grid forks 30 and which allows 
better pigment hiding than if the local anode were nar- 
rower. Overall, the interleaved grid and local anode el- 
ements configured according to these dimensions have 
an open area to closed area ratio of approximately 40%, 
which is within the range of normal triode EPIDS and a 
screen produced in accordance with these dimensions 
has a normal display brightness. Open area ration 
should be in the range of 30% to 60% for adequate 
screen brightness. 

To form an EPID 10 like that shown in FIG. 1, the 
parts may assembled in a stack and placed in an oven 
for baking. The spacer 1 6 : in that case, would be coated 
on surfaces which contact adjacent elements with a ma- 



terial which would become plastic at baking tempera- 
rures. such as, epoxy. Upon baking, the meltable mate- 
rial flows and the elements form a laminate upon cool- 
ing. Of course, other methods exist within the scope of 
5 -he normally skilled artisan for assembling the elements 
of the EPIO 10 shown, such as. e.g., gluing. The lami- 
nation of the EPID elements forms an envelope for con- 
taining the dielectric fluid/pigment panicle suspension. 
FIG. 3 shows the electrophoretic display of FIG 1 
J o utilizing the interleaving configuration shown in FIG. 2 
assembled and in cross-section. The anode 26 in the 
embodiment shown, is a plate-like area of conductor 
material having a length and width essentially matching 
that of the cathode/grid/local anode matrix, i e coex- 
* tensive with the matrix, as is taught in the above refer- 
enced patents and applications of the present Applicant. 
Unlike previous teachings, the present invention has the 
local anode 23 elements deposited upon photoresist 
layer 22 in the same plane and by the same manufac- 
zo ' tunng step as the grid elements 20 (the individual forks " 
30 being shown in cross -section). Since all conductor 
elements are quite thin, they extend beneath the inter- 
stitial spacer 16 without special provision and at least 
one end thereof provides a terminal exterior to the en- 
25 velope for connecting display driver circuitry (not 
shown). 

The proportions of the grid and local anode lines as 
. showninFIGS. 1-3 have been distorted for the purposes 
of illustration, viz., the elongated portions would be long 
30 enough to extend substantially the entire height of the 
cathode faceplate 1 4, whereas the width of the individ- 
ual lines would be small enough to accommodate in the 
order of 2,200 lines on an 8' X 1 0- screen. Thus, in real 
displays the grid and anode lines are very thin and elon- 
& gated. A workable panel would have a large number of 
intersections, e.g., 2,200 X 1 ,700 or a total of 3,740,000 
separately addressable intersection points. For ease of 
illustration, only a few cathode lines 18, grid lines 20, 
and local anode lines 28 are depicted. More illustrations 
*o of electrophoretic displays, their components and elec- 
trical circuitry can be seen by referring to U.S. Patents 
Nos. 4,742.345 and 4,772,820, each being awarded to 
the inventors herein. 

FIGS. 4 and 5, are illustrations of certain features 
^ of EPIDS disclosed by the Applicants herein in Applica- 
tion No.07/345,825 and are included for the purpose of 
providing a comparison to the present invention. Ele- 
ments having essentially the same form and function as 
corresponding elements in the present invention are la- 
so belled with the same reference numerals. Common el- 
ements in the prior EPIDS which have been altered in 
the present invention are flagged by the suffix "pa". FIG. 
4 illustrates the configuration for a tined grid (and local 
anode) element 20pa previously disclosed in Applica- 
ss tion No.07/345.825. On comparison to th grid element 
20 configuration taught by the present invention, it 
should be observed that, while the tined configuration is 
retained, a spacing must be provided centrally to ac- 
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of each associated grid line and additional anode 
line are disposed distal to each other. 

5. The display of Claim 4, wherein each grid line sub- 
5 divides distal to said connecting end into at least 

two tines (30) and said free end of each associated 
additional anode line inserts between said tines. 

6. The display of Claim 5, wherein said at least two 
10 tines are four in number and said associated addi- 
tional anode line is disposed approximately central- 
ly between two sets of two tines of an associated 
said subdivided grid line. 

is 7. The display of Claim 6, wherein said local anode 
line is wider than said tines of said grid lines such 
that said local anode line obscures more pigment 
particles than said tines. 

20 8. The display of Claim 7, wherein said X-Y matrix and 
said additional anode matrix together have a com- 
bined open area ratio of approximately from 30 to 
60%. 



commodate the interleaved anode line. 

FIG. 5 illustrates the stacking of the local anode el- 
ements 28pa upon the grid elements 20pa previously 
used by the applicants in EPIDS having a remote and a 
local anode. It should be appreciated that this stacking 
configuration is done in several steps and that the local 
anode 28pa must be closely aligned with the grid ele- 
ments 20pa for effective operation. The present inven- 
tion has neither of these requirements. Another differ- 
ence between the present invention and that shown in 
FIG. 5 is that the local anode 28 of the present invention 
alters the distribution of pigment particles in the plane 
of the grid and the local anode. In contrast, in the device 
shown in FIG. 5, the local anode effects pigment con- 
centration at the grid by drawing it into a plane removed 
from the grid. 

It should be understood that the embodiments de- 
scribed herein are merely exemplary and that a person 
skilled in the art may make many variations and modifi- 
cations without departing from the scope of the invention 
as defined in the appended claims. 

Claims 

1. An electrophoretic display having a cathode array 
comprising a plurality of conductive parallel lines 
(18) arranged in a given direction, with a grid array 
insulated from said cathode array and comprising a 
plurality of conductive parallel lines (20) each per- 
pendicular to said cathode lines to form an X-Y ad- 
dressing matrix with a conventional anode elec- 
trode (26) separated from said X-Y matrix with the 
space between said anode electrode and said X-Y 
matrix accommodating an electrophoretic disper- 
sion including pigment particles suspended in a flu- 
id, and • 

an additional anode electrode (28) comprising 
a plurality of parallel lines each associated with and 
insulated from said grid lines, and operative to con- 
trol the path of said pigment particles to and from 
said X-Y matrix and to allow excess pigment to re- 
main at said conventional anode electrode, charac- 
terized in that said additional anode electrode is dis- 
posed within a plane shared by said grid array. 

2. The display of Claim 1, wherein said additional an- 
ode lines are distributed in said plane and between 
said grid lines in a predetermined repeating pattern. 

3. The display of Claim 2, wherein each of said grid 
lines is associated with a corresponding one of said 
additional anode lines. 

4. The display of Claim 3, wherein each of said grid 
lines and said additional anode lines have an end 
(24g. 24la) for connecting to display driver circuitry 
and a free end and wherein said connecting ends 



25 9. The display of Claim 1 , wherein said additional an- 
ode lines and said grid lines are each formed from 
the same material. 

10. An electrophoretic display comprising: 

30 

(a) a fluid-tight envelope having a portion there- 
of which is at least partially transparent; 

(b) an electrophoretic fluid contained within 
said envelope, said fluid having pigmented par- 
as tides suspended therein; 

(c) a plurality of elongated substantially parallel 
horizontal conductor elements (18) disposed 
within a first plane and at least partially con- 
tained within said envelope; 

40 (d) a first plurality of elongated substantially 

parallel vertical conductor elements (20) at 
least partially contained within said envelope 
electrically insulated from said horizontal ele- 
ments and disposed within a second plane, 

45 said first and said second planes being sub- 

stantially parallel and in proximity to each other, 
said plurality of horizontal elements and said 
plurality of vertical elements being perpendicu- 
lar to each other thereby forming a matrix with 

so a plurality of intersections when viewed along 

a line perpendicular to said first and said sec- 
ond planes; 

(e) a second plurality of elongated substantially 
parallel vertical conductor elements (28) at 
ss least partially contained within said envelope 

electrically insulated from said horizontal ele- 
ments and said first plurality of vertical ele- 
ments; and 
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(f) a substantially planar conductor member 
(26) disposed within a third plane proximate 
and substantially parallel to said second plane 
and at least partially contained within said en- 
velope, each of said first and second pluralities 
of vertical elements and said horizontal ele- 
ments being selectively electrically chargeable 
to induce movement of said particles within said 
fluid, said particles being visible through said 
transparent portion of said envelope, 

characterized in that said second plurality of vertical 
elements is disposed within said second plane. 

11. The display of Claim 10, wherein said second plu- 
rality of vertical elements is distributed in said sec- 
ond plane interleaved between said first plurality of 
elements in a repeating pattern and wherein each 
element of said first plurality is associated with a 
corresponding-element of said second plurality. 

12. The display of Claim 1 1 , wherein said first and sec- 
ond pluralities of elements are each supported upon 
a layer of photoresist (22). • 



w 
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13. The display of Claim 12, wherein each of said first 
and second pluralities of elements have an end 
(24g, 24la) for connecting to display driver circuitry 
and a free end, said connecting ends of each of said 
first plurality of elements being disposed distal to 
said connecting end of a corresponding element of 
said second plurality of elements, wherein each el- 
ement of said first plurality of elements subdivides 
distal to said connecting end into at least two tines 
(30) and said free end of a corresponding element 
of said second plurality of elements inserts between 
said tines. 

14. The display of Claim 13, wherein said first and said 
second plurality of elements are each formed from 
chromium. 

15. The display of Claim 13, wherein said first and said 
second plurality of elements are each formed from 
aluminum. 
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(a) forming a plurality of cathode lines (IS) on 
said cathode faceplate (14); 

(b) depositing a first layer of photoresist (22) 
over said cathode lines; 

(c) coating said first layer of photoresist with a 
conductor material; 

(d) coating said conductor material with a sec- 
ond layer of photoresist: 

(e) masking said second layer of photoresist 
with a mask corresponding to the shape of a 
plurality of grid lines (20) interleaved with a plu- 
rality of local anode lines (28); 

(0 exposing said second layer of photoresist 
through said mask; 

(g) developing said second layer of photoresist; 

(h) acid etching said conductor material coating 
where not covered by said second layer of pho- 
toresist remaining after developing; and 

(i) plasma etching said first and said second 
layers of photoresist where not covered by said 
conductor material remaining after said step of 
acid etching. 

18. The method of Claim 17, further including the step 
of applying a Si0 2 coating over said cathode/grid/ 

- local anode matrix after said step of plasma etching. 

19. The method of Claim 18, wherein said step of coat- 
ing with a conductor material includes sputtering a 
layer of chrome upon said first layer of photoresist. 

20. The method of Claim 1 8, wherein said step of coat- 
ing with a conductor material includes sputtering a 
layer of aluminum upon said first layer of photore- 

.sist. 
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The display of Claim 13, wherein said display is a 
tetrode-type display, said plurality of horizontal ele- 
ments (13) being the cathode, said first plurality of 
vertical elements (20) being the grid, said second 
plurality of vertical elements (28) being the local an- 
ode and said planar member (26) being the remote 
anode. 



1 7. A method for fabricating a cathode/grid/local anode 
matrix on the cathode faceplate of a dual anode 
electrophoretic display comprises performing, in 
substantially the order shown, the steps of: 



so 



ss 



Elektrophoretisches Display mit einer aus einer 
Vielheit von in einer gegebenen Richtung angeord- 
neten leitfahigen parallefen Zeilen (18) bestehen- 
den Kathodenmatrix, einer gegen besagte Katho- 
denmatrix isolierten und aus einer Vielheit von zur 
Bildung einer X-Y-Adressiermatrix jeweils senk- 
recht zu besagten Kathodenzeilen verlaufenden 
leitfahigen parallelen Zeilen (20) bestehenden Git- 
termatrix. mit einer von besagter X-Y-Matrix ge- 
trennten herkommlichen Anodenelektrode (26), 
wobei der Raum zwischen besagter Anodenelek- 
trode und besagter X-Y-Matrix eine elektrophoreti- 
sche Dispersion mit einem in einem Fluid schwe- 
benden Pigmentpartikeln enthalt, und mit einer zu- 
satzlichen aus einer Vielheit von jeweils mit gesag- 
ten Gitterzeilen verbundenen und gegen dieselben 
isolierten parallelen Zeilen bestehenden Anoden- 
elektrode (28), die die Bewegung besagter Pig- 
mentpartikel zu besagter X-Y-Matrix und von dieser 
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weg steuert und uberschussiges Pigment bei be- 
sagter herkbmmlicher Anodenelektrode laGt, da- 
durch gekennzeichnet, daG besagte zusatzliche 
Anodenelektrode in einer gemeinsamen Ebene mit 
besagter Gittermatrix liegt. 5 

2. Display gemaG Anspruch 1 , wobei besagte zusatz- 
liche Anodenzeilen in einem vorgegebenen Wie- 
derholmuster in besagter Ebene und zwischen be- 
sagten Gitterzeilen verteilt sind. 10 

3. Display gemaG Anspruch 2, wobei eine jede der be- 
sagten Gitterzeilen mit einer entsprechenden zu- 
satzlichen Anodenzeile verbunden ist. 

15 

4. Display gemaG Anspruch 3, wobei eine jede der be- 
sagten Gitterzeilen und der besagten zusatzlichen 
Anodenzeilen ein Ende (24g, 24la) zum AnschluG 
an Displaytreiberschaltungen und ein freies Ende 
hat, und wobei besagte AnschluGenden einer jeden 20 
zugehdrigen Gitterzeile und zusatzlichen Anoden- 
zeile im Verhaltnis zueinander distal angeordnet 
sind. 

5. Display gemaG Anspruch 4 wobei eine jede Gitter- 2s , 
zeile distal zu besagtem AnschluGende in minde- 
stens zwei Zacken (30) zerlallt und besagtes freies 
Ende einer jeden zugehdrigen zusatzlichen An- 
odenzeile zwischen besagte Zacken eingefuhrt 
wird. 30 

6. Display gemaG Anspruch 5, wobei von besagten 
mindestens zwei Zacken vier Stuck vorgesehen 
sind und besagte zusatzliche Anodenzeile in der 
Mitte zwischen zwei Satzen von zwei Zacken einer 3S 
zugehdrigen besagten unterteilten Gitterzeile liegt. 

7. Display gemaG Anspruch 6, wobei besagte Lokal- 
anodenzeile breiter ist ais besagte Zacken der be- 
sagten Gitterzeilen, so daG. besagte Lokalanoden- *o 
zeile mehr Pigmentpartikel verdunkelt als besagte 
Zacken. 

8. Display gemaG Anspruch 7, wobei besagte X-Y-Ma- 
trix und besagte zusatzliche Anodenmatrix zusam- 4S 
men ein kombiniertes Offenflachenverhaltnis von 
ca. 30% bis 60% haben. 

9. Display gemaG Anspruch 1 . wobei besagte zusatz- 
liche Anodenzeilen und besagte Gitterzeilen aus 5a 
dem selben Material gebildet warden. 

10. Elektrophoretisches Display bestehend aus: 

(a) einer flussigkeitsdichten Hulle mit einem 
Abschnitt, der mindestens teilweise transpa- 
rent ist; 

(b) einem in besagter Hull enthaltenen elek- 



trophoretischen Fluid, in welchem pigmentierte 
Partikel schweben; 

(c) einer Vielheit von langlichen, im wesentli- 
chen paralleten waagerechten Leiterelemen- 
ten (18). die in einer ersten Ebene abgelagert 
und mindestens teilweise in besagter Hulle ent- 
halten sind; 

(d) einer ersten Vielheit von langlichen, im we- 
sentlichen parallelen senkrechten Leiterele- 
menten (20), die mindestens teilweise in be- 
sagter Hulle enthalten, gegen besagte waage- 
rechte Eiemente isoliert und in einer zweiten 
Ebene abgelagert sind, wobei besagte erste 
und zweite Ebenen im wesentlichen parallel 
und nahe beieinander liegen und besagte Viel- 
heit vom waagerechten Elementen und besag- 
te Vielheit von senkrechten Elementen senk- 
recht zueinander liegen und auf diese Weise 
bei Betrachtung gemaG einer senkrecht zu be- 
sagten ersten und besagten zweiten Ebenen 
liegenden Linie eine Matrix mit einer Vielheit 
von Schnittpunkten bilden; 

(e) einer zweiten Vielheit von langlichen, im we- 
sentlichen parallelen senkrechten Leiterefe- 
menten (28), die mindestens teilweise in be- 
sagter Hulle enthalten und gegen besagte waa- 
gerechte Eiemente und besagte erste Vielheit 
von senkrechten Elementen isoliert sind; und 

(f) einem im wesentlichen planaren Leiterele- 
ment (26), das in einer dritten neben der und 
im wesentlichen parallel zur besagten zweiten 
Ebene liegenden Ebene abgelagert und minde- 
stens teilweise in besagter Hulle enthalten ist, 
wobei besagte erste und zweite Vielheit von 
senkrechten Elementen und besagte waage- 
rechte Eiemente selektiv elektrisch aufgeladen 
werden konnen, um eine Bewegung besagter 
Partikel in besagtem Fluid zu veranlassen, wo- 
bei besagte Partikel mindestens teilweise 
durch den transparenten Abschnitt besagter 
Hulle sichtbar sind, dadurch gekennzeichnet, 
daG zweite besagte Vielheit von senkrechten 
Elementen in besagter z we iter Ebene abgela- 
gert ist. 

11. Display gemaG Anspruch 10, wobei besagte zweite 
Vielheit von senkrechten Elementen in einem Wie- 
derhoimuster in besagter zweiter Ebene verteilt und 
mit besagter erster Vielheit von Elementen ver- 
schachtelt ist, und wobei ein jedes Element der be- 
sagten ersten Vielheit mit einem entsprechenden 
Element der besagten zweiten Vielheit verbunden 
ist. 

ss 12. Display gemaG Anspruch 11, wobei besagte erste 
und zweite Vielheiten von Elementen jeweils von ei- 
ner Photoresistschicht (22) getragen werden. 
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13. Display gemaG Anspruch 12. wobei eine jeder der 
besagten ersten und zweiten Vieiheiten von Eie- 
menten ein Ende (24g. 241a) zum AnschluG an eine 
Displaytreiberschaltung und ein freies Ende hat und 
besagte AnschluGenden einer jeden ersten Vieiheit s 
von Eiementen distal zum besagten AnschluGende 
eines entsprechenden Elements der besagten 
zweiten Vieiheit von Eiementen liegen. wobei ein 
jedes Element, der besagten ersten Vieiheit distal 

zu besagtem AnschluGende in mmdestens zwei jo 
Zacken (30) aufgeteilt ist und besagtes freies Ende 
eines entsprechenden Elements der besagten 
zweiten Vieiheit von Eiementen zwischen besagte 
Zacken eingefuhrt wird. 

15 

14. Display gemaG Anspruch 13, wobei besagte erste 
und zweite Vieiheit von Eiementen jeweils aus 
Chrom bestehen. 

15. Display gemaG Anspruch 13, wobei besagte erste 20 
und zweite Vieiheit von Eiementen jeweils aus Alu- 
minium bestehen. 



nach dem Entwickeln verbleibencer Photore- 
sistschicht bedeckten Stellen; und 
(i) Plasmaatzung besagter erster und zweiter 
Photoresistschichten an den nicht von besag- 
tem nach dem Schritt der Saureatzung verblei- 
bendem Leitermateria! bedeckten Stellen. 

18. Verfahren gemaG Anspruch 17, mit dem weiteren 
Schritt des Auftragens einer Si0 2 -Schicht uber be- 
sagter KathodenVGitter-/Uokalanodenmatrix nach 
besagtem Schritt der Plasmaatzung. 

19. Verfahren gemaG Anspruch 18, wobei bei besag- 
tem Schritt der Beschichtung mit Leitermateria! eine 
Chromschicht auf die erste Photoresistschicht auf- 
gedampft wird. 

20. Verfahren gemaG Anspruch 18, wobei bei besag- 
tem Schritt der Beschichtung mit Leitermaterial eine 
Alumintumschicht auf die erste Photoresistschicht 
aufgedampft wird. 



16. Display gemaG Anspruch 13, wobei besagtes Dis- 
play ein Tetroden-Display ist, in dem besagte Viel- 25 
heit von waagerechten Eiementen (18) die Katho- 
de, besagte erste Vieiheit von senkrechten Eiemen- 
ten (20) das Gitter, besagte zweite Vieiheit von 
senkrechten Eiementen (28) die Lokalanode und 
besagtes planares Element (26) die Fernanode bil- 
den. 

17. Verfahren zur Herstellung einer KathodenVGitter/ 
Lokalanodenmatrix auf einem Kathodenschirmtra- 
ger eines elektrophoretischen Doppelanoden-Dis- 
plays, im wesentlichen bestehend aus den folgen- 
den in der angegebenen Reihenfolge auszufuhren- 
den Schritten: 



Revendications 



(a) Bildung einer Vieiheit von Kathodenzeilen 
(18) auf besagtem Anodenschirmtrager (14); 

(b) Ablagerung einer ersten Photoresistschicht 
(22) uber besagten Kathodenzeilem; 

(c) Beschichtung besagter erster Photoresist- 
schicht mit einem Leitermaterial; 

(d) Beschichtung besagten Leitermaterials mit 
einer zweiten Photoresistschicht; 

(e) Abdecken besagter zweiter Photoresist- 
schicht mit einer Maske, die der Form einer 
Vieiheit von Gitterzeilen (20) entspricht, die mit so 2. 
einer Vieiheit von Lokalanodenzeilen (28) ver- 
schachtelt sind; 

(f) Belichtung besagter zweiter Photoresist- 
schicht durch besagte Maske; 

(g) Entwickeln besagter zweiter Photoresist- ss 3. 
schicht; 

(h) Saureatzung besagter Leitermaterialbe- 
schichtung an den nicht von besagter zweiter 



1. Un afficheur electrophoretique ayant un arrange- 
ment de cathode comprenant une pluralite de lignes 
paralleles conductrices (18) arrangee dans une di- 
rection donnee, avec un arrangement de grille isole" 
30 dudit arrangement de cathode et comprenant une 
pluralite de lignes paralleles ccnductrices (20) cha- 
cune perpendiculaire auxdites lignes de cathode 
pour former une matrice d'adressage X-Y, ('electro- 
de d'anode traditionnelle (26) etant separee de la- 
3s dite matrice X-Y avec I'espace entre ladite electrode 
d'anode et ladite matrice X-Y contenant une disper- 
sion electrophoretique comprenant des particules 
de pigment suspendues dans un fluide, et 

une electrode d'anode supplemental (28) 
*o comprenant une pluralite de lignes paralleles, cha- 
cune associ6e a et isol6e desdites lignes de grille 
et active pour controler le trajet desdites particules 
de pigment vers et en provenance de ladite matrice 
X-Y et pour permettre au pigment excedentaire de 
4S rester sur I'electrode d'anode traditionnelle. carac- 
terisee en ce que ladite electrode d'anode suppte- 
mentaire est disposee dans un plan partage par le- 
dit arrangement de grille. 



L'afficheur suivant la Revendication 1, ou lesdites 
lignes de I'anode supplemental sont distributes 
dans (edit plan et entre lesdites lignes de grille selon 
un modele repete predetermine. 

L'afficheur suivant la Revendication 2, ou chacune 
desdites Jignes de grille est associee a une ligne 
correspondante desdites lignes de I'anode supple- 
mental. 
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4. L'atficheur suivant la Revendication 3, ou chacune 
desdites lignes de grille et desdites lignes de I'ano- 
de supplementaire a une extremite (24g, 24la) pour 
connexion sur le circuit de commande de l'atficheur 

et une extremite libre et ou lesdites extremites de 5 
connexion de chaque ligne de grille et chaque iigne 
de I'anode supplementaire associees sont dispo- 
sees de maniere distale les unes par rapport aux 
autres. 

10 

5. L'afficheur suivant la Revendication 4, ou chaque 
ligne de grille se subdivise de maniere distale par 
rapport a ladite extremite de connexion dans au 
moins deux dents (30) et ladite extremite libre de 
chaque ligne d'anode supplementaire associee is 
s'insere entre lesdites dents. 

6. L'afficheur suivant la Revendication 5, ou lesdites 
au moins deux dents sont au nombre de quatre et 
ladite ligne d'anode supplementaire associee est 20 
disposee approximativement centralement entre 

les deux ensembles de deux dents d'uhe dite ligne 
de grille subdivisee associee. 

7. L'afficheur suivant. le Revendication 6, ou ladite li- 25 
gne d'anode locale est plus large que lesdites dents 
desdites lignes de grille de sorte que ladite ligne 
d'anode locale cache plus de particules de pigment 
que lesdites dents. 

30 

8. L'afficheur suivant le Revendication 7, ou ladite ma- 
trice X-Y et ladite matrice d'anode supplementaire 
ont ensemble un rapport de zone ouverte combinee 
d' environ 30 a 60 %. 

35 

9. L'afficheur suivant la Revendication 1 , ou lesdites 
lignes d'anode supplementaire et lesdites lignes de 
grille sont chacune formees a partir du meme ma- 
terial 

40 

10. Un afficheur elecnrophoretique comprenant: 

(a) une enveloppe etanche au fluide dont une 
partie est au moins partiellement transparente; 

(b) un fluide electrophoretique contenu dans la- 45 
dite enveloppe, ledit fluide contenant des par- 
ticules de pigment qui y sont suspendues; 

(c) une pluralite d'elements conduct eurs allon- 
ges horizontaux. substantiellement paralleles 
(18) disposes dans un premier plan etau moins 50 
partiellement contenus dans ladite enveloppe; 

(d) une premiere pluralite* d'elements conduc- 
teurs allonges verticaux substantiellement pa- 
rallels (20) au moins partiellement contenus 
dans ladite enveloppe electriquement isolee ss 
desdits elements horizontaux et disposes dans 

un second plan, (edit premier et ledit second 
plans etant substantiellement paralleles et a 



proximite Tun de I'autre, ladite pluralite d'ele- 
ments horizontaux et ladite pluralite d'elements 
verticaux etant perpendiculaires Tune par rap- 
port a I'autre, formant ainsi une matrice avec 
une pluralite d'intersections vue le long d'une 
ligne perpendiculaire auxdits premier et second 
plans; 

(e) une seconde pluralite d'elements conduc- 
teurs allonges verticaux substantiellement pa- 
ralleles (26) au moins partiellement contenus 
dans ladite enveloppe electriquement isolee 
desdits elements horizontaux et ladite premiere 
pluralite d'etements verticaux; et 

(f) un membre conducteur substantiellement 
planar (26) dispose dans un troisieme plan ad- 
jacent et substantiellement parallele audit se- 
cond plan et au moins partiellement contenu 
dans ladite enveloppe, chacun desdites pre- 
miere et seconde pluratites d'elements verti- 
caux et desdits elements horizontaux etant se- 
lectivement charges electriquement pour indui- 
re te mouvement desdites particules dans ledit 
fluide, lesdites particules etant visibles au tra- 
vers de ladite partie transparente de ladite en- 
veloppe, caracterise en ce que ladite seconde 
pluralite d'elements verticaux est disposes 
dans ledit second plan. 

11. L'afficheur suivant la Revendication 10, ou ladite 
seconde pluralite d'elements verticaux est distri- 
buee dans ledit second plan imbrtque entre ladite 
premiere pluralite d'6l6ments selon un modele re- 
pete et ou chaque element de ladite premiere plu- 
ralite est associe a un element correspondent de . 
ladite seconde pluralite. 

12. L'afficheur suivant la Revendication 11, ou lesdites 
premiere et seconde plural ites d'6l6ments sont cha- 
cune support6es sur une couche de photoresist 
(22). 

1 3. L'afficheur suivant la Revendication 1 2, ou chacune 
desdites premiere et seconde pluralites d'6l6ments 
a une extremite (24g, 24la) pour connexion sur le 
circuit de commande de l'afficheur et une extremite 
libre, lesdites extremites de connexion de chacune 
de ladite premiere pluralite d'elements etant dispo- 
sees de maniere distale par rapport a la dite extre- 
mite de connexion d'un element correspondant de 
ladite seconde pluralite d'elements, ou chaque ele- 
ment de ladite premiere pluralite d'elements se sub- 
divise de maniere distale par rapport a ladite extre- 
mite de connexion en au moins deux dents (30) et 
ladite extremite libre d'un element correspondant 
de ladite seconde pluralite d'elements s'insere en- 
tre lesdites dents. 

14. L'afficheur suivant la Revendication 13, ou lesdites 
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premiere et seconde pluralites d'eiements sont cha- 
cune formees de chrome. 

15. L'afficheur suivant la Revendication 1 3, ou lesdites 
premiere et seconde pluralites d'eiements sont cha- s 
cune formees d'aluminium. 

16. L'afficheur suivant la Revendication 13. ou (edit af- 
ficheur est un afficheur du type tetrode, ladite plu- 
ralite d'eiements horizontaux (18) etant la cathode, w 
ladite premiere pluralite d'eiements verticaux (20) 
etant la grille, ladite seconde pluralite d'eiements 
verticaux (28) etant I'anode locale et ledit membra 
planar (26) etant I'anode a distance. 



17. Un precede de fabrication d'une matrice cathode/ 
grille/anode locale sur la plaque de cathode d'un af- 
ficheur electrophoretique a anode double com- 
prend I'execution. dans substantiellement I'ordre in- 
dique, des etapes de: 



1$ 



20 



(a) formation d'une plurality de lignes de catho- 
de (18) sur ladite plaque de cathode (14); 

(b) depot d'une premiere couche de photoresist 
(22) sur lesdites lignes de cathodes; 25 

(c) revetement de ladite premiere couche de 
photoresist avec un materiau conducteur; 

(d) revetement dudit materiau conducteur par 
una deuxieme couche de photoresist; 

(e) masquaga de ladite deuxieme couche da so 
photoresist avec un masque correspondant a 

la forme d'une pluralite" de lignes de grille (20) 
imbriquee avec une pluralite de lignes de Tano- 
de locale (28); 

(f ) exposition de ladite seconde couche de pho- 3S 
toresist au travers dudit masque; 

(g) developpement de ladite seconde couche 
de photoresist; 

(h) attaqua a I'acide dudit revdtement de mate- 
riau conducteur non couvert par ladite seconde 40 
couche de photoresist qui reste apres le deve- 
loppement; et 

(i) attaque au plasma desdites premiere et se- 
conde couches de photoresist non couvertes 
par ledit materiau conducteur qui reste apres 
ladite etape d'attaque a I'acide. 

18. Le procede suivant la Revendication 17, compre- 

nant en outre I'etape duplication d'un revetement 

de Si0 2 sur ladite matrice cathode/grille/anode lo- so 
cale apres ladite etape d'attaque au plasma. 

19. Le procede suivant le Revendication 18, ou ladite 
etape de revetement avec un materiau conducteur 
mclut la pulverisation d'une couche de chrome sur ss 
ladite premiere couche de photoresist. 

20. Le procede suivant la Revendication 18. ou ladite 



etape de revetement avec un materiau conducteur 
mciut la pulverisation d'une couche d'aluminium sur 
ladite premiere couche de photoresist. 
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FIG. 2 
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FIG. 4 
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